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(54) Title: DETECTING PROXIMITY USING ANTENNA FEEDBACK

(57) Abstract: An electronic device provides a detuning monitor circuit con-

FIG. 1

figured to detect a change in a voltage standing wave ratio (VSWR) between
a radio frequency (RF) transmitter and an RF antenna relative to a predeter -
mined VSWR baseline and a proximity detector circuit configured to adjust
transmission power of a carrier wave transmitted from the RF transmitter, if
the change fails to satisfy an acceptable VSWR condition. Network proxim-
ity detectors are also provided to allow coordination of antenna subsystems
to comply with specific absorption rate (SAR) constraints
maintain/improve antenna performance.
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DETECTING PROXIMITY USING ANTENNA FEEDBACK
SUMMARY

[0001] According to one aspect of the present invention, there is provided a method
comprising: detecting a change in a voltage standing wave ratio (VSWR) between a radio
frequency (RF) transmitter and an RF antenna relative to a predetermined VSWR baseline;
and identifying an applicable VSWR condition of a plurality of predefined VSWR conditions
corresponding to various signal transmission frequencies, each of the predefined VSWR
conditions indicative of a VSWR observable at a corresponding one of the various signal
transmission frequencies when a conductive body is not within a threshold proximity of the
RF antenna; and adjusting transmission power of a carrier wave transmitted from the RF

transmitter, if the change fails to satisfy the applicable VSWR condition.

[0001a] According to another aspect of the present invention, there is provided an
electronic device comprising: a detuning monitor circuit configured to detect a change in a
voltage standing wave ratio (VSWR) between a radio frequency (RF) transmitter and an RF
antenna relative to a predetermined VSWR baseline; and a proximity detector circuit
configured to identify an applicable VSWR condition of a plurality of predefined VSWR
conditions corresponding to various signal transmission frequencies each indicative of a
VSWR observable at a corresponding one of the various signal transmission frequencies when
a conductive body is not within a threshold proximity of the RF antenna, wherein the
proximity detector circuit is further configured to adjust transmission power of a carrier wave
transmitted from the RF transmitter, if the change fails to satisfy the applicable VSWR

condition.

[0001Db] According to still another aspect of the present invention, there is provided an
electronic device comprising: a radio frequency (RF) transmitter; an RF antenna; a detuning
monitor circuit configured to detect a change in a voltage standing wave ratio (VSWR)
between the RF transmitter and the RF antenna relative to a predetermined VSWR baseline;
and a proximity detector circuit configured to identify an applicable VSWR condition of a

plurality of predefined VSWR conditions corresponding to various signal transmission
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frequencies each indicative of a VSWR observable at a corresponding one of the various
signal transmission frequencies when a conductive body is not within a threshold proximity of
the RF antenna, and wherein the proximity detector circuit is further configured to adjust
transmission power of a carrier wave transmitted from the RF transmitter, if the change fails

to satisfy the applicable VSWR condition.

[0001c] According to yet another aspect of the present invention, there is provided a
computer-readable medium comprising computer instructions store thereon, which when

executed on a processor, causes the processor to perform a method as described herein.

[0001d] According to a further aspect of the present invention, there is provided a
method comprising: detecting a change in a voltage standing wave ratio, VSWR, between a
radio frequency, RF, transmitter and an RF antenna relative to a predetermined VSWR
baseline, wherein the change in VSWR is associated with a conductive body moving into
proximity of the RF antenna; and adjusting transmission power of a carrier wave transmitted
from the RF transmitter, if the change fails to satisfy an acceptable VSWR condition based on
a plurality of predefined acceptable VSWR conditions at various signal transmission
frequencies, by reducing the transmission power of the carrier wave transmitted from the RF

transmitter while each of the predefined acceptable VSWR conditions are not satisfied.

[0001e] According to yet a further aspect of the present invention, there is provided an
electronic device comprising: a detuning monitor circuit configured to detect a change in a
voltage standing wave ratio, VSWR, between a radio frequency, RF, transmitter and an RF
antenna relative to a predetermined VSWR baseline, wherein the change in VSWR is
associated with a conductive body moving into proximity of the RF antenna; and a proximity
detector circuit configured to: adjust transmission power of a carrier wave transmitted from
the RF transmitter, if the change fails to satisfy an acceptable VSWR condition based on a
plurality of predefined acceptable VSWR conditions at various signal transmission
frequencies, by reducing the transmission power of the carrier wave transmitted from the RF

transmitter while each of the predefined acceptable VSWR conditions are not satisfied.

la
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BRIEF DESCRIPTIONS OF THE DRAWINGS

[0001f] FIG. 1 illustrates an example electronic device that provides for dynamic
power adjustment of a transmitted carrier wave responsive to a detected change in VSWR

between the antenna and the transmitter connected to the antenna.

[0002] FIG. 2 illustrates example electrical components and data flows for a wireless

transmission system with a mechanism for dynamic transmission power adjustment.

[0003] FIG. 3 illustrates another example electrical components and data flows for a

wireless transmission system with a mechanism for dynamic transmission power adjustment.

[0004] FIG. 4 illustrates an example network of antenna subsystems in an electronic
device.
[0005] FIG. 5 illustrates an example illustrates a Smith chart showing a region

satisfying a predefined acceptable VSWR condition.

[0006] FIG. 6 illustrates example operations for a wireless transmission system with

dynamic transmission power adjustment.

[0007] FIG. 7 illustrates alternative example operations for a wireless transmission

system with dynamic transmission power adjustment.

DETAILED DESCRIPTIONS

[0008] Consumer electronic devices may be equipped with wireless communication
circuitry that makes use of radio frequency (RF) electromagnetic fields. For example, the
wireless communications circuitry may transmit and receive RF signals in mobile telephone
RF bands, WiFi network RF bands, GPS RF bands, near-field communication (NFC) bands,
and other RF bands that may be associated with a telecommunications specification. To
protect humans from harmful levels of RF radiation when using such devices, government
agencies have imposed regulations limiting RF transmission power from some wireless

electronic devices, such as tablet computers and mobile phones. Reducing RF transmission

1b
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power may utilize valuable resources in mobile devices and decrease performance of device

features in some electronic devices.

[0009] In some jurisdictions, specific absorption rate (SAR) specifications are in place

imposing maximum energy absorption constraints on electronic device

1c
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manufacturers. These specifications articulate restrictions on the amount of
electromagnetic radiation that may be emitted based on proximity of a transmitting radio
frequency (RF) antenna. Particular attention is given to radiation limits at distances within
a few centimeters from the device (e.g., 0-3 centimeters), where users are likely to place a
human body part near the transmitting antenna. Such restrictions may be satisfied by
reducing transmitted carrier signal strength when a dielectric body (e.g., 2 human body
part) is detected in the proximity of the transmitter.

[0010] Implementations of the disclosed technology provide an eclectronic device
that dynamically alters the power of a transmitted carrier wave responsive to detected
changes in the voltage standing wave ratio (VSWR) between an antenna and a transmitter
connected to the antenna. A user in proximity of the antenna influences the tuning of the
antenna in a detectable manner, allowing for the dynamic power alteration that achieves
compliance with SAR specifications without significantly compromising performance of
the electronic device.

[0011] FIG. 1 illustrates an example electronic device 100 that provides for dynamic
power adjustment of a transmitted carrier wave responsive to a detected change in VSWR
between the antenna 102 and the transmitter 104 connected to the antenna 102. Four
antennas 102, 106, 108, and 110 are shown in FIG. 1 along with their corresponding
transmitters 104, 112, 114, and 116. In one implementation, the first inner antenna 102 and
the second inner antenna 108 are substantially identical and operate in a first frequency
band, while the first outer antenna 106 and the second outer antenna 110 are substantially
identical and operate in a second frequency band. For example, the first inner antenna 102
and the second inner antenna 108 may receive and send radio signals over a wireless local
area network. The wireless local area network may be based on the IEEE 802.11
specification, or other industry-standard specification. The IEEE 802.11 (i.e., “WiFi”)
may operate in two frequency bands, the first being 2400 to 2500 MHz and the second
being 5725 to 5875 MHz. In the same or another implementation, the first outer
antenna 106 and the second outer antenna 110 receive and send radio signals in a
frequency band allocated for cellular transmissions, or approximately 0.7 to 2.7 GHz.
These frequency bands may correspond with communications specifications including, for
example, LTE, WiMax, 4G, 3G, 2G, Bluectooth, IEEE 802.11, Near-field communication
(NFC), RFID, and others. Opcrational frequency bands for individual antennas arc based
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in part on the antenna properties and the corresponding transmitter carrier wave delivered
to the antenna.

[0012] In the example of FIG. 1, the inner antenna pair 102 and 108 and outer
antenna pair 106 and 110 operate to monitor proximity of a conductive body 110 (such as
a human body part) and to dynamically adjust the transmission power emanating from the
antenna in the proximity of the conductive body 110. In this manner, the electronic device
100 may comply with SAR constraints and protect a human user from excessive RF wave
absorption.

[0013] Between each transmitter-antenna pair is a detuning monitor, such as
detuning monitor circuits 118, 120, 122, and 124, used to monitor the voltage standing
wave ratio (VSWR) between the input and output of the detuning monitor, referred to as
the input-output VSWR. Generally, the VSWR represents the voltage ratio between a
maximum standing wave amplitude at one node to the minimum standing wave amplitude
at another node. As such, the detuning monitor circuit 118 detects changes in the VSWR
between an input node (e.g., from an input node coupled to the transmitter 112) and an
output node (e.g., an output node coupled to the antenna 106).

[0014] When compared to a baseline input-output VSWR (e.g., measured under
conditions in which a conductive body is not within effective proximity of the transmitting
antenna or some other appropriate baseline), a difference between the baseline VSWR and
continuously or periodically measured VSWR values can be tested by a proximity detector
(such as proximity detector circuits 126, 128, 130, or 132) to determine whether the
difference fails to satisfy a predetermined acceptable VSWR condition. Using an example
antenna subsystem 133 including the detuning monitor circuit 120, the antenna 102, the
proximity detector circuit 128, and the RF transmitter 104, failure to satisfy the
predetermined acceptable VSWR condition, relative to the baseline VSWR, indicates an
unacceptable proximity 134 of the conductive body 110 to the antenna 102. When the
proximity detector circuit 128 detects this state, the proximity detector circuit 128 adjusts
the transmission power from the corresponding transmitter 104 to satisfy SAR constraints
(c.g., reducing the transmission power while the predetermined acceptable VSWR
condition is not satisfied). Similar operations and coupling structures may be applied to
the other antenna subsystems 131, 135, and 137 shown in FIG. 1.

[0015] In this manner, proximity detector circuit 128 closes a feedback loop. The

proximity detector circuit 128 may be controlled by a control unit, such as a processor or



10

15

20

25

30

CA 02948386 2016-11-07

WO 2016/003744 PCT/US2015/037563

controller programmed with firmware or software, or state machine implemented with
digital memory and logic (not shown). The control unit may provide control signals to the
proximity detector circuit 128 to communicate when the proximity detector circuit 128
shall take a proximity measurement and by how much the transmission power shall be
decreased in response to a non-compliant SAR condition. The time delay between
successive measurements and power reductions may be dynamically selected to account
for quickly changing conditions, ¢.g., a rapidly approaching hand or a static situation, for
example, in which a device is set on a table without any persons in proximity. As an
altcrnative to scparate control unit, the control functionality may be integrated in
proximity circuit 128.

[0016] Proximity detector circuit 128 may be constructed from analog or digital
circuits, or a combination of both digital and analog circuits. Proximity detector circuit
128 may include one or more analog-to-digital converters to convert the standing wave
voltage signals to digital data, which is then compared, for example, by measuring VSWR,
to determine proximity. A look-up table may provide the association between VSWR and
physical proximity. Alternative, a formula relating VSWR to proximity may be
programmed into the control unit or proximity detector circuit 128. Additionally
processing of the measured VSWR may be performed, such as, for example, filtering or
integrating measurements over time.

[0017] Antenna subsystems 131 and 137 are coupled (see coupling 140) to allow the
proximity detectors 126 and 132 to communicate proximity parameters (e.g., a VSWR
stream, status relative to the predetermined acceptable VSWR condition, etc.). As such,
the antenna subsystems can 131 and 137 can work in concert to satisfy SAR constraints
and/or improve antenna performance in the presence of an unacceptable proximity
condition. For example, if the antenna subsystem 131 detects an unacceptable proximity
condition but the antenna subsystems 137 detects an acceptable proximity condition (i.e.,
the predetermined acceptable proximity condition is satisfied), the subsystems 131 and
137 can communicate across the coupling 140 to coordinate a decrease in transmission
power at the transmitter 112 and an increase at the transmitter 116. In this manner, the
reduction in transmission power at transmitter 112, due to SAR constraints, may be offset
to some extent by an increase in transmission power at the transmitter 116, thereby
balancing transmission power based on proximity detection among multiple transmitters.

Such a network of antenna subsystems may be expanded to more than two subsystems
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(e.g., to antenna subsystems at all four corners of a tablet computer system). The antenna
subsystem 133 and 135 can cooperate in a similar fashion via the coupling 142. In an
implementation antenna subsystems for different frequency ranges may also be
coordinated to obtain a wider range and/or finer resolution of proximity detection (e.g., if
all four antenna subsystems 131, 133, 135, and 137 are networked to cooperate, proximity
may be detected across the entire length of the top of the electronic device 100.

[0018] The predetermined acceptable proximity condition for the amplified antenna
subsystem (c.g., antenna subsystem 137) may be adjusted according to transmission
power. As such, if the transmission power of the transmitter 116 is increased, the
predetermined acceptable proximity condition may be adjusted to satisfy SAR constraints
in the presences of increased transmission power. Such adjustments may, for example, be
predetermined and stored in a data table accessible to the proximity detector circuit 124
(e.g., having different predetermined acceptable proximity conditions for different
transmission powers).

[0019] Furthermore, antenna subsystem coordination may be used to identify false
positives (e.g., circumstances in which the proximity condition is not subject to SAR
constraints, such as when the computing device is laid flat on a metal table). For example,
SAR testing conditions may address a single antenna subsystem one-at-a-time, where
coordinating antenna subsystems may determine that a failure of four coordinated antenna
subsystems (e.g., across the top edge of the electronic device 100 or at four corners of the
electronic device 100) implies the proximity of a metal surface as opposed to hands or a
head of a human. Under such conditions, the proximity detectors may determine that the
proximity detection is a false positive, relative to human safety and SAR constraints, and
therefore determine that a reduction in transmission power is not appropriate. Other
similar conditions may be applied depending on SAR conditions tested, antenna
subsystem locations, and the configuration and structure of the electronic device 100.
[0020] FIG. 2 illustrates example electrical components and data flows for a
wireless transmission system 200 with a mechanism for dynamic transmission power
adjustment. The wireless transmission system 200 includes a radio frequency (RF)
transmitter 202, a transmitting antenna 204, a detuning monitor 206, and a proximity
detector 208. RF transmitter 202 may be a power amplifier with a variable gain control
input. The transmit power of RF transmitter 202 may be based on the signal provided to

the gain control input. The detuning monitor 206 includes a coupler 210 (e.g., a
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directional coupler). In an example implementation, a directional coupler may be
constructed from two coupled transmission lines between an RF transmitter interface 212
and an RF antenna interface 214. The coupled transmission lines are routed close enough
that transmission characteristics (e.g., power, phase, and other RF parameters.) passing
through one transmission line is coupled to the other transmission line, allowing the
transmission characteristics passing through the RF transmitter interface 212 and the
transmission characteristics passing through the RF antenna interface 214 to be measured
by the proximity detector 208. Proximity of a conductive body 201 may be indicated by
changes in reflection of the transmitted signal via coupling with the conductive body 201
moving into proximity of the RF transmitting antenna 204. Alternatively, these changes
may be referred to as being indicative of detuning of the RF transmitting antenna 204 by
the proximity of the conductive body 201.

[0021] The proximity detector 208 detects the measured transmission characteristics
at the input (e.g., RF transmitter interface 212) and at the output (e.g., RF antenna
interface 214) to determine a measured VSWR. If the measured VSWR satisfies the
predetermined acceptable VSWR condition, relative to a baseline VSWR, then the
proximity detector 208 signals the RF transmitter 202 to transmit at its standard power (or
at some other power condition that is appropriate when an unacceptable proximity
condition is not detected). If the measured VSWR does not satisfy the predetermined
acceptable VSWR condition, relative to a baseline VSWR, then the proximity detector 208
signals the RF transmitter 202 to adjust its transmission power to a level sct to satisfy the
SAR constraints.

[0022] FIG. 3 illustrates another example electrical components and data flows for a
wireless transmission system 300 with a mechanism for dynamic transmission power
adjustment. The wireless transmission system 300 includes a radio frequency (RF)
transmitter 302, a transmitting antenna 304, a detuning monitor 306, and a proximity
detector 308. The detuning monitor 306 includes a coupler 310 (e.g., a directional coupler)
and a circulator 315. In an example implementation, a directional coupler may be
constructed from two coupled transmission lines between an RF transmitter interface 312
and an output of the coupler 310. The coupled transmission lines are routed close enough
that transmission characteristics passing through one transmission line is coupled to the
other transmission line, allowing the transmission characteristics passing through the RF

transmitter interface 312 to be measurcd by the proximity detector 308.
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[0023] In an example implementation, a circulator may be constructed from a
passive non-reciprocal multi-port device in which a radio frequency signal entering a port
of the circulator is transmitted to another port in rotation (e.g., port 1 to port 2, port 2 to
port 3, port 3 to port 1). As shown in FIG. 3, the transmitted RF signal received from the
coupler 310 is received at port 1 and passed through port 2 to the RF antenna 304. The
reflected signal from the RF antenna 304 is received at port 2 and passed through port 3 to
the proximity detector 308, providing a signal indicative of the output transmission
characteristics of the VSWR measured by the proximity sensor 308. Proximity of a
conductive body 301 may be indicated by changes in reflection of the transmitted signal
via coupling with the conductive body 301 moving into proximity of the RF transmitting
antenna 304. Alternatively, these changes may be referred to as being indicative of
detuning of the RF transmitting antenna 304 by the proximity of the conductive body 301.
[0024] The proximity detector 308 detects the measured transmission characteristics
at the input (e.g., RF transmitter interface 312) and at the output (e.g., the RF antenna
interface 314 is represented by ports 2 and 3 of the circulator 315) to determine a
measured input-output VSWR. If the measured VSWR satisfies the predetermined
acceptable VSWR condition, rclative to a bascline VSWR, then the proximity detector 308
signals the RF transmitter 302 to transmit at its standard power (or at some other power
condition that is appropriate when an unacceptable proximity condition is not detected). If
the measured VSWR does not satisfy the predetermined acceptable VSWR condition,
relative to a baseline VSWR, then the proximity detector 308 signals the RF transmitter
302 to adjust its transmission power to a level set to satisfy the SAR constraints.

[0025] FIG. 4 illustrates an example network of antenna subsystems 402, 404, 406,
and 408 in an electronic device 400, such as a tablet computing device, a laptop computing
device, a set-top box, a wearable computing device, a smartphone, or any device with an
RF subsystem. The antenna subsystems 402, 404, 406, and 408 are networked by
communicative couplings 410, 412, 414, and 416. The electronic device 400 also includes
a display interface 418 (c.g., a display screen), although other implementations may not
include a display interface. The clectronic device 400 illustrates a system having
networked, proximity-detecting antenna subsystems 402, 404, 406, and 408 distributed at
disparate locations in the electronic device 400, wherein the antenna subsystems 402, 404,
406, and 408 take advantage of the locational disparity within the electronic device 400 to

improve device performance and/or compliance with SAR constraints. For example, if
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unacceptable proximity of a conductive body is detected by the antenna subsystem 404,
the transmission power of the antenna subsystem 404 may be decreased to comply with
SAR constraints while the transmission power of one or more of the antenna subsystems
402, 406, and 408 may be increased (assuming they comply with predefined acceptable
VSWR conditions) to offset the decreased transmission power of the antenna subsystem
404. In an alternative implementation, which may be supplemented with one or more of
the implementations described herein, the electronic device 400 may be configured to
interpret concurrent failures of all four antenna subsystems 402, 404, 406, and 408 as a
condition that does not require an adjustment of transmission power of any of the four
antcnna subsystems 402, 404, 406, and 408 (c.g., interpreting the conductive body to be a
conductive surface, like a table top, rather than a human body part). More than four
antenna subsystems may be so networked to coordinate SAR compliance and transmission
power management.

[0026] Other conditions may also be employed. For example, transmission power
adjustments may be based on a certain number of proximity-sensing antenna subsystems
detecting an unacceptable proximity condition, the relative or absolute locations of
proximity-sensing antenna subsystems detecting an unacceptable proximity condition, the
transmission performance of individual proximity-sensing antenna subsystems (e¢.g.,
transmission power of an antenna subsystem detecting an unacceptable proximity
condition may be reduced to zero if acceptable performance is being obtained via other
antenna subsystems), ctc.

[0027] FIG. 5 illustrates an example illustrates a Smith chart 500 showing a region
502 satisfying a predefined acceptable VSWR condition. The region 502 was determined
by experimental means at a signal transmission frequency for a given transmission power.
Similar charts may be generated at various frequencies to determine a region satisfying a
predefined acceptable VSWR condition. The results of these expriement at useful
frequencies may be programmed into a device such that the device could determine
whether a diclectric body is too close to the antenna and in violation of a SAR
requirement. Similar predefined acceptable VSWR conditions can be determined for
different transmission powers. Such predefined acceptable VSWR conditions can be
stored in registers, memory, or other circuitry accessible by a proximity detector to

determine whether, under certain  combinations of transmission frequency and



10

15

20

25

30

CA 02948386 2016-11-07

WO 2016/003744 PCT/US2015/037563

transmission power, a particular antenna subsystem is operating in an acceptable
proximity condition.

[0028] For example, if an antenna system is designed to transmit WiFi RF
transmissions based on the IEEE 802.11 specification, a region of acceptable SAR could
be determined for frequencies of in the range 2400 to 2500 MHz. Experiments may show
that a VSWR above -12 dB occurs when a hand is within 3 cm of a device with an antenna
transmitting at 2400 MHz. These experimental results may be stored in the device and
used to determine when RF transmission power should be reduced based on a measure
VSWR of -12 dB, -10 dB or higher.

[0029] FIG. 6 illustrates example operations 600 for a wireless transmission system
with dynamic transmission power adjustment. An input operation 602 inputs an RF
transmission carrier wave, such as through a detuning monitor to an RF antenna. A
transmitting operation 604 transmits the RF transmission carrier wave. A detecting
operation 606 detects a VSWR of the transmitted RF carrier wave between the input and
output of a detuning monitor between the transmitter and the transmitting antenna.

[0030] A decision operation 608 determines whether the detected VSWR satisfies a
predefined acceptable VSWR condition, relative to a baseline VSWR measurement. If so,
processing proceeds to the inputting operation 602 for another iteration. If not, a
conductive body is deemed within an unacceptable proximity to the transmitting antenna,
and an adjustment operation 610 adjusts the transmission power of a transmitter
transmitting the RF carrier wave and then proceeds to the inputting operation 602 for
another iteration. In one implementation, the adjustment operation 610 adjusts the
transmission power to satisfy SAR constraints, although this adjustment may occur in one
iteration or over multiple iterations.

[0031] FIG. 7 illustrates alternative cxample operations 700 for a wircless
transmission system with dynamic transmission power adjustment. An input operation 702
inputs an RF transmission carrier wave, such as through a detuning monitor to an RF
antenna. A transmitting operation 704 transmits the RF transmission carrier wave. A
detecting operation 706 detects a VSWR of the transmitted RF carrier wave between the
input and output of a detuning monitor between the transmitter and the transmitting
antenna.

[0032] A decision operation 708 determines whether the detected VSWR satisfies a

predefined acceptable VSWR condition, relative to a baseline VSWR measurement. If so,
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processing proceeds to the inputting operation 702 for another iteration. If not, a
conductive body is deemed within an unacceptable proximity to the transmitting antenna,
and an adjustment operation 710 decrecases the transmission power of a transmitter
transmitting the RF carrier wave. A signaling operation 712 signals a networked proximity
detector of another antenna to increase its transmission power to offset (in full or in part)
the decrease in the power of the transmitter of the first antenna (e.g., if the proximity
detector of the other antenna does not indicate an unacceptable proximity condition) and
then processing proceeds to the inputting operation 702 for another iteration.

[0033] In one implementation, the adjustment operation 710 decreases the
transmission power to satisfy SAR constraints, although this adjustment may occur in one
iteration or over multiple iterations. Likewise, the increase in the transmission power of
another antenna subsystem may occur in one iteration or over multiple iterations.

[0034] Individual operations illustrated in FIGs. 6 and 7 may be performed in
sequence or concurrently. For example, the inputting and transmitting operations 602 and
604 may occur concurrently with the detecting, decision, and adjusting operations 606,
608, and 610, as various portions of the RF transmission carrier wave may be affected by
these operations at any particular moment in time. Accordingly, the operations illustrated
in FIG. 6 and 7 illustrate logical operations performed by circuitry or a combination of
circuitry, software, and mechanical structures

[0035] Accordingly, various implementations of an electrical device are disclosed,
wherein the electrical device comprises means for detecting a change in a voltage standing
wave ratio (VSWR) between a RF transmitter and an RF antenna relative to a
predetermined VSWR baseline and means for adjusting transmission power of a carrier
wave transmitted from the RF transmitter, if the change fails to satisfy an acceptable
VSWR condition. For example, in one implementation, a detuning monitor detecting a
change in a voltage standing wave ratio (VSWR) between a RF transmitter and an RF
antenna relative to a predetermined VSWR bascline, and a proximity monitor adjusts
transmission power of a carrier wave transmitted from the RF transmitter, if the change
fails to satisfy an acceptablc VSWR condition. In another implementation, a transmission
power adjustment circuit or the RF transmitters themselves may adjust the transmission
power, for example, responsive to a signal from one or more proximity detectors.

[0036] Among other implementations of the described technology, a method is

disclosed including detecting a change in a voltage standing wave ratio (VSWR) between

10



10

15

20

25

30

CA 02948386 2016-11-07

WO 2016/003744 PCT/US2015/037563

a radio frequency (RF) transmitter and an RF antenna relative to a predetermined VSWR
baseline and adjusting transmission power of a carrier wave transmitted from the RF
transmitter, if the change fails to satisfy an acceptable VSWR condition. The method may
include a detecting operation that includes measuring VSWR between an input and an
output of a detuning monitor coupled between the RF transmitter and the RF antenna. The
method may include a detecting operation that includes measuring VSWR between an
input and an output of a directional coupler connected between the RF transmitter and the
RF antenna.

[0037] The method may employ a detuning monitor that includes a coupler
connected to the RF transmitter and a circulator connected between the coupler and the RF
antenna, wherein the detecting operation includes measuring VSWR between an input of a
coupler and an output of the circulator. A first port of the circulator is connected to an
output of the coupler, a second port of the circulator is connected to the RF antenna, and a
third port of the circulator is connected to a proximity detector. The method may include
an adjusting operation that determines whether the change fails to satisfy an acceptable
VSWR condition using the proximity detector.

[0038] The method may include detecting an unacceptable detuning of the RF
antenna based on a change in the VSWR from a VSWR baseline that fails to satisfy an
acceptable VSWR condition. The method may include communicatively connecting a
proximity detector associated with the RF transmitter to another proximity detector
associated with another RF transmitter and signaling the other RF transmitter to increase
transmission power to another RF antenna.

[0039] The method may include communicatively connecting a proximity detector
associated with the RF transmitter to another proximity detector associated with another
RF transmitter and signaling the other RF transmitter to increase transmission power to
another RF antenna, if a detected change in the VSWR associated with the other RF
transmitter and the other RF antenna satisfies an acceptable VSWR condition.

[0040] Among other implementations of the described technology, an clectronic
device is disclosed that includes a detuning monitor circuit configured to detect a change
in a voltage standing wave ratio (VSWR) between a radio frequency (RF) transmitter and
an RF antenna relative to a predetermined VSWR baseline and a proximity detector circuit
configured to adjust transmission power of a carrier wave transmitted from the RF

transmitter, if the change fails to satisfy an acceptable VSWR condition. The detuning
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monitor circuit may include a directional coupler connected between the RF transmitter
and the RF antenna and to measure VSWR between an input and an output of the
directional coupler.

[0041] The detuning monitor circuit may include a coupler configured for
connection to the RF transmitter and to measure VSWR between an input of a coupler and
an output of a circulator. A first port of the circulator may be connected to an output of the
coupler, a second port of the circulator may be configured for connection to the RF
antenna, and a third port of the circulator may be connected to the proximity detector
circuit. The proximity detector circuit may be further configured to determine whether the
change fails to satisfy an acceptable VSWR condition.

[0042] The proximity detector circuit of the electronic device may be configured to
detect an unacceptable detuning of the RF antenna based on a change in the VSWR from a
VSWR baseline that fails to satisfy an acceptable VSWR condition. The proximity
detector circuit of the electronic device may be connected between the RF transmitter and
the RF antenna, and the electronic device may include another proximity detector circuit
communicatively connected to the proximity detector circuit. The other proximity detector
circuit is connected to another RF transmitter, and the proximity detector circuit is
configured to signal the other RF transmitter to increase transmission power to another RF
antenna.

[0043] The proximity detector circuit of the electronic device may be connected
between the RF transmitter and the RF antenna and the electronic device may include
another proximity detector circuit communicatively connected to the proximity detector
circuit. The other proximity detector circuit is connected to another RF transmitter. The
proximity detector circuit is configured to signal the other RF transmitter connected to
increase transmission power to another RF antenna, if a detected change in the VSWR
associated with the other RF transmitter and the other RF antenna satisfies an acceptable
VSWR condition.

[0044] Among other implementations of the described technology, a transmission
system is disclosed that includes an antenna and a detuning monitor circuit coupled to the
antenna. The detuning monitor may include a first coupler port and a second coupler port
in communication with the antenna. The detuning monitor may also include a first sense
port, and a second sense port. The transmission system may also include a power amplifier

including a gain control input and a signal output in communication with the first coupler
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port. The transmission system may also include a proximity detector circuit including a
first input in communication with the first sense port, a second input in communication
with the second sense port, and an output in communication with the gain control input.
The proximity detector circuit of the transmission system may be configured to determine
a VSWR value based on a first signal detected at the first input and a second signal
detected at the second input. The proximity detector circuit of the transmission system
may be also or alternatively be configured to communicate a gain control signal to the gain
control input, wherein the gain control signal is based on the VSWR value.

[0045] Among other implementations of the described technology, an electronic
device is disclosed including a radio frequency (RF) transmitter, an RF antenna, a
detuning monitor circuit configured to detect a change in a voltage standing wave ratio
(VSWR) between the RF transmitter and the RF antenna relative to a predetermined
VSWR baseline, and a proximity detector circuit configured to adjust transmission power
of a carrier wave transmitted from the RF transmitter, if the change fails to satisfy an
acceptable VSWR condition. The proximity detector circuit may be connected between
the RF transmitter and the RF antenna and the electronic device may include another RF
transmitter, another RF antenna, and another proximity detector circuit communicatively
connected to the proximity detector circuit. The other proximity detector circuit may be
connected between the other RF transmitter and the other RF antenna. The proximity
detector circuit may be configured to signal the other RF transmitter via the other
proximity detector to increasc transmission power to another RF antenna.

[0046] The proximity detector circuit of the electronic device may be connected
between the RF transmitter and the RF antenna. The electronic device may include another
RF transmitter, another RF antenna, and another proximity detector circuit
communicatively connected to the proximity detector circuit. The other proximity detector
circuit may be connected between the other RF transmitter and the other RF antenna. The
proximity detector circuit may be configured to signal the other RF transmitter via the
other proximity detector circuit to increase transmission power to another RF antenna, if a
detected change in the VSWR associated with the other RF transmitter and the other RF
antenna satisfies an acceptable VSWR condition.

[0047] The implementations of the invention described herein are implemented as
logical steps in one or more computer systems. The logical operations of the presently

described technology may be implemented (1) as a sequence of processor-implemented
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steps executing in one or more computer systems and (2) as interconnected machine or
circuit modules within one or more computer systems. The implementation is a matter of
choice, dependent on the performance requirements of the computer system implementing
the invention. Accordingly, the logical operations making up the embodiments of the
invention described herein are referred to variously as operations, steps, objects, or
modules. Furthermore, it should be understood that logical operations may be performed
in any order, adding and omitting as desired, unless explicitly claimed otherwise or a
specific order is inherently necessitated by the claim language.

[0048] The above specification, examples, and data provide a complete description
of the structure and use of exemplary embodiments of the invention. Since many
implementations of the invention can be made without departing from the spirit and scope
of the invention, the invention resides in the claims hereinafter appended. Furthermore,
structural features of the different embodiments may be combined in yet another

implementation without departing from the recited claims.
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CLAIMS:
1. A method comprising;:

detecting a change in a voltage standing wave ratio (VSWR) between a radio frequency

(RF) transmitter and an RF antenna relative to a predetermined VSWR baseline; and

identifying an applicable VSWR condition of a plurality of predefined VSWR
conditions corresponding to various signal transmission frequencies, each of the predefined
VSWR conditions indicative of a VSWR observable at a corresponding one of the various signal
transmission frequencies when a conductive body is not within a threshold proximity of the RF

antenna; and

adjusting transmission power of a carrier wave transmitted from the RF transmitter, if

the change fails to satisfy the applicable VSWR condition.
2. The method of claim 1 wherein the detecting operation comprises:

measuring VSWR between an input and an output of a detuning monitor coupled

between the RF transmitter and the RF antenna.
3. The method of claim 1 wherein the detecting operation comprises:

measuring VSWR between an input and an output of a directional coupler connected
between the RF transmitter and the RF antenna, the directional coupler including first and
second transmission lines routed in proximity such that transmission characteristics passing

through the first transmission line are measurable along the second transmission line.

4. The method of claim 2 wherein the detuning monitor includes a coupler connected
to the RF transmitter and further includes a circulator connected between the coupler and the

RF antenna, and the detecting operation comprises:

measuring VSWR between an input of the coupler and an output of the circulator.
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5. The method of claim 4 wherein a first port of the circulator is connected to an output
of the coupler, a second port of the circulator is connected to the RF antenna, and a third port

of the circulator is connected to a proximity detector.
6. The method of claim 5 wherein the adjusting operation further comprises:

determining whether the change fails to satisfy an acceptable VSWR condition using

the proximity detector.
7. The method of claim 1 wherein the detecting operation comprises:

detecting an unacceptable detuning of the RF antenna based on a change in the VSWR
from a VSWR baseline that fails to satisfy an acceptable VSWR condition.

8. The method of claim 1 further comprising:

communicatively connecting a proximity detector associated with the RF transmitter to

another proximity detector associated with another RF transmitter; and
signaling the other RF transmitter to increase transmission power to another RF antenna.
9. The method of claim 1 further comprising:

communicatively connecting a proximity detector associated with the RF transmitter to

another proximity detector associated with another RF transmitter; and

signaling the other RF transmitter to increase transmission power to another RF antenna,
if a detected change in the VSWR associated with the other RF transmitter and the other RF

antenna satisfies an acceptable VSWR condition.
10. An electronic device comprising:

a detuning monitor circuit configured to detect a change in a voltage standing wave ratio
(VSWR) between a radio frequency (RF) transmitter and an RF antenna relative to a
predetermined VSWR baseline; and

16
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a proximity detector circuit configured to identify an applicable VSWR condition of a
plurality of predefined VSWR conditions corresponding to various signal transmission
frequencies each indicative of a VSWR observable at a corresponding one of the various signal
transmission frequencies when a conductive body is not within a threshold proximity of the RF
antenna, wherein the proximity detector circuit is further configured to adjust transmission
power of a carrier wave transmitted from the RF transmitter, if the change fails to satisfy the

applicable VSWR condition.

11. The electronic device of claim 10 wherein the detuning monitor circuit includes a
directional coupler connected between the RF transmitter and the RF antenna and is further
configured to measure VSWR between an input and an output of the directional coupler, the
directional coupler including first and second transmission lines routed in proximity such that
transmission characteristics passing through the first transmission line are measurable along the

second transmission line.

12. The electronic device of claim 10 wherein the detuning monitor circuit includes a
coupler configured for connection to the RF transmitter and is further configured to measure

VSWR between an input of the coupler and an output of a circulator.

13. The electronic device of claim 12 wherein a first port of the circulator is connected
to an output of the coupler, a second port of the circulator is configured for connection to the

RF antenna, and a third port of the circulator is connected to the proximity detector circuit.

14. The electronic device of claim 13 wherein proximity detector circuit is further

configured to determine whether the change fails to satisfy an acceptable VSWR condition.

15. The electronic device of claim 10 wherein proximity detector circuit is further
configured to detect an unacceptable detuning of the RF antenna based on a change in the

VSWR from a VSWR baseline that fails to satisfy an acceptable VSWR condition.

16. The electronic device of claim 10 wherein the proximity detector circuitis connected

between the RF transmitter and the RF antenna and further comprising:

17
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another proximity detector circuit communicatively connected to the proximity detector
circuit, the other proximity detector circuit being connected to another RF transmitter, the
proximity detector circuit being configured to signal the other RF transmitter to increase

transmission power to another RF antenna.

17. The electronic device of claim 10 wherein the proximity detector circuitis connected

between the RF transmitter and the RF antenna and further comprising:

another proximity detector circuit communicatively connected to the proximity detector
circuit, the other proximity detector circuit being connected to another RF transmitter, the
proximity detector circuit being configured to signal the other RF transmitter connected to
increase transmission power to another RF antenna, if a detected change in the VSWR
associated with the other RF transmitter and the other RF antenna satisfies an acceptable VSWR

condition.
18. An electronic device comprising:
a radio frequency (RF) transmitter;
an RF antenna;

a detuning monitor circuit configured to detect a change in a voltage standing wave ratio
(VSWR) between the RF transmitter and the RF antenna relative to a predetermined VSWR

baseline; and

a proximity detector circuit configured to identify an applicable VSWR condition of a
plurality of predefined VSWR conditions corresponding to various signal transmission
frequencies each indicative of a VSWR observable at a corresponding one of the various signal
transmission frequencies when a conductive body is not within a threshold proximity of the RF
antenna, and wherein the proximity detector circuit is further configured to adjust transmission
power of a carrier wave transmitted from the RF transmitter, if the change fails to satisfy the

applicable VSWR condition.

18
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19. The electronic device of claim 18 wherein the proximity detector circuitis connected

between the RF transmitter and the RF antenna and further comprising:
another RF transmitter;
another RF antenna;

another proximity detector circuit communicatively connected to the proximity detector
circuit, the other proximity detector circuit being connected between the other RF transmitter
and the other RF antenna, the proximity detector circuit being configured to signal the other RF
transmitter via the other proximity detector to increase transmission power to another RF

antenna.

20. The electronic device of claim 18 wherein the proximity detector circuitis connected

between the RF transmitter and the RF antenna and further comprising:
another RF transmitter;
another RF antenna;

another proximity detector circuit communicatively connected to the proximity detector
circuit, the other proximity detector circuit being connected between the other RF transmitter
and the other RF antenna, the proximity detector circuit being configured to signal the other RF
transmitter via the other proximity detector to increase transmission power to another RF
antenna, if a detected change in the VSWR associated with the other RF transmitter and the

other RF antenna satisfies an acceptable VSWR condition.

21. A computer-readable medium comprising computer instructions stored thereon,
which when executed on a processor, causes the processor to perform the method according to

any one of claims 1 to 9.
22. A method comprising:

detecting a change in a voltage standing wave ratio, VSWR, between a radio frequency,
RF, transmitter and an RF antenna relative to a predetermined VSWR baseline, wherein the
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change in VSWR is associated with a conductive body moving into proximity of the RF

antenna; and

adjusting transmission power of a carrier wave transmitted from the RF transmitter, if
the change fails to satisfy an acceptable VSWR condition based on a plurality of predefined
acceptable VSWR conditions at various signal transmission frequencies, by reducing the
transmission power of the carrier wave transmitted from the RF transmitter while each of the

predefined acceptable VSWR conditions are not satisfied.
23. The method of claim 22, further comprising:

signaling another RF transmitter to increase transmission power to another RF antenna
connected to the another RF transmitter, wherein said adjusting transmission power of the
carrier wave transmitted from the RF transmitter results in an adjustment of transmission power
of the carrier wave transmitted from the RF carrier, and the wherein adjustment is offset by the

increase in transmission power to the another RF transmitter.

24. The method of claim 23 wherein a first antenna subsystem comprises the RF
transmitter and RF antenna and a second antenna subsystem comprises the another RF

transmitter and another RF antenna, the method further comprising:

detecting changes in the VSWR of the first antenna subsystem and VSWR of the second

antenna subsystem; and

maintaining the transmission power of the carrier waves transmitted from the first and
second antenna subsystems, if the changes fail to satisfy an acceptable VSWR condition and

the changes are concurrent.

25. The method of any one of claims 22 to 24 wherein the detecting operation comprises

at least one from the group of:

measuring VSWR between an input and an output of a detuning monitor coupled

between the RF transmitter and the RF antenna; and
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measuring VSWR between an input and an output of a directional coupler connected

between the RF transmitter and the RF antenna.

26. The method of claim 25 wherein the detuning monitor includes a coupler connected
to the RF transmitter and further includes a circulator connected between the coupler and the

5  RF antenna, and the detecting operation comprises:
measuring VSWR between an input of a coupler and an output of the circulator.
27. The method of claim 22 wherein the detecting operation comprises:

detecting an unacceptable detuning of the RF antenna based on a change in the VSWR
from a VSWR baseline that fails to satisfy an acceptable VSWR condition.

10 28. The method of claim 22 further comprising:

communicatively connecting a proximity detector associated with the RF transmitter to

another proximity detector associated with another RF transmitter; and
signaling the other RF transmitter to increase transmission power to another RF antenna.
29. The method of claim 22 further comprising:

15 communicatively connecting a proximity detector associated with the RF transmitter to

another proximity detector associated with the another RF transmitter; and

signaling the another RF transmitter to increase transmission power to the another RF
antenna, if a detected change in the VSWR associated with the another RF transmitter and the

another RF antenna satisfies an acceptable VSWR condition.
20 30. An electronic device comprising:

a detuning monitor circuit configured to detect a change in a voltage standing wave
ratio, VSWR, between a radio frequency, RF, transmitter and an RF antenna relative to a
predetermined VSWR baseline, wherein the change in VSWR is associated with a conductive

body moving into proximity of the RF antenna; and
21
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a proximity detector circuit configured to:

adjust transmission power of a carrier wave transmitted from the RF transmitter, if the
change fails to satisfy an acceptable VSWR condition based on a plurality of predefined
acceptable VSWR conditions at various signal transmission frequencies, by reducing the
transmission power of the carrier wave transmitted from the RF transmitter while each of the

predefined acceptable VSWR conditions are not satisfied.

31. The electronic device of claim 30 wherein the detuning monitor circuit includes at

least one from the group of:

a directional coupler connected between the RF transmitter and the RF antenna and is
further configured to measure VSWR between an input and an output of the directional coupler;

and

a coupler configured for connection to the RF transmitter and is further configured to

measure VSWR between an input of a coupler and an output of a circulator.

32. The electronic device of claim 31 wherein a first port of the circulator is connected
to an output of the coupler, a second port of the circulator is configured for connection to the

RF antenna, and a third port of the circulator is connected to the proximity detector circuit.

33. The electronic device of claim 30 wherein proximity detector circuit is further
configured to detect an unacceptable detuning of the RF antenna based on a change in the

VSWR from a VSWR baseline that fails to satisfy an acceptable VSWR condition.

34. The electronic device of claim 30 wherein the proximity detector circuit is connected

between the RF transmitter and the RF antenna and further comprising:

another proximity detector circuit communicatively connected to the proximity detector
circuit, the other proximity detector circuit being connected to another RF transmitter, the
proximity detector circuit being configured to signal the other RF transmitter to increase

transmission power to another RF antenna.

22
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35. The electronic device of claim 30 wherein the proximity detector circuit is connected

between the RF transmitter and the RF antenna and further comprising:

another proximity detector circuit communicatively connected to the proximity detector
circuit, the other proximity detector circuit being connected to another RF transmitter, the
proximity detector circuit being configured to signal the other RF transmitter connected to
increase transmission power to another RF antenna, if a detected change in the VSWR
associated with the other RF transmitter and the other RF antenna satisfies an acceptable VSWR

condition.

36. A computer-readable medium comprising computer instructions stored thereon,
which when executed on a processor, causes the processor to perform the method according to

any one of claims 22 to 29.
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